INTRODUCTION
Paracoccidioides brasiliensis is a pathogenic fungus that causes paracoccidioidomycosis in man, a potentially lethal systemic fungal disease that is prevalent in Latin America. It is a dimorphic fungus which grows in the mycelial form at room temperature, and in the yeast form at 37°C or in infected tissues. The factors involved in the host-parasite relationship leading to the multiplicity of clinical forms in paracoccidioidomycosis are still poorly understood. Structural a-1,3-glucans, the major components of the yeast phase cell wall [1] , as well as gp43, recently implicated as a cell surface binding receptor for laminin [2] , have been suggested as virulence factors. gp43, a major glycoprotein secreted in P. brasiliensis culture supernatants [3] , is the main serum diagnostic antigen of paracoccidioidomycosis [4, 5] and is also involved in the cellular immune reactivity [6] .
Exocellular proteinases of micro-organisms have been correlated with the pathogenicity of parasites [7] and fungi [8, 9] . Preliminary results suggested that the gp43 component might have a caseinolytic activity at pH 5.5-6.0 [10] . In the present work we describe a thiol-containing serine proteinase activity in P. brasiliensis culture filtrates which partially associates with other exocellular components of the fungal metabolism including the gp43 diagnostic antigen.
MATERIALS AND METHODS Materials P. brasiliensis strain 339 was kindly provided by Dr. Angela Restrepo-Moreno (Medellin, Colombia). Chromogenic peptidylLeucine at P1 seemed to be restrictive for the activity of the exocellular enzyme, but threonine (P'1) and leucine (P'2) in Abz-MKRLTL-EDDnp apparently were not essential. Also, a pair of alanines could substitute for lysine (P3) and arginine (P2) in this substrate, with a decrease in the Km values. The exocellular peptidase activity of P. brasiliensis had an optimum pH of > 9.0 and was irreversibly inhibited by PMSF, mercuric acetate and p-hydroxymercuribenzoate. Inhibition of the mercuriate compounds could be partially reversed by Cys/EDTA. E-64 [transepoxysuccinyl-L-leucylamido-(4-guanido)butene] was a weak and reversible inhibitor, whereas EDTA and pepstatin were not inhibitory. These results suggest that P. brasiliensis exocellular enzyme belongs to the subfamily of SH-containing serine proteinases.
p-nitroanilides (peptidyl-pNa) were synthesized, purified and characterized as previously described [11] . Internally quenched fluorescent peptides were synthesized by the classical solution methods [12, 13] using 2-aminobenzoic acid (Abz) as fluorescent group and ethylenediamino-2,4-dinitrophenyl (EDDnp) as fluorescence quencher, attached respectively to the N-and Cterminal groups of the peptide. Fluorescence measurements were carried out in a Hitachi 2000 fluorimeter. Casein, Hide Power Azure, insulin 8-chain, trans-epoxysuccinyl-L-leucylamido-(4-guanido)butene (E-64), PMSF, sodium 7-hydroxymercuribenzoate (p-HMB) and glucose were from Sigma, St. Louis, MO, U.S.A. N-Ethylmaleimide (NEM), l-chloro-4-phenyl-3-Ltosylamidobutan-2-one (Tos-Phe-CH2Cl; 'TPCK'), 7-amino-lchloro-3-L-tosylamidoheptan-2-one (Tos-Lys-CH2Cl; 'TLCK') and iodoacetamide were from Fluka Chemie AG, Buchs, Switzerland. Superose 12 (HR 30-10 column), Resource Q and protein standards for gel filtration were from Pharmacia LKB Biotechnology, Uppsala, Sweden, and Affi-Gel 10 was from BioRad Laboratories, Richmond, CA, U.S.A. Casein peptone was from Biobras, Montes Claros, MG, Brazil, ammonium sulphate from Merck, Darmstadt, Germany, and yeast extract from Difco Laboratories, Detroit, MI, U.S.A. All other chemicals were of reagent grade.
Enzyme preparation for characterization of the proteolytic activity P. brasiliensis was cultivated for 7 days at 35 IC, with shaking, in red tomato juice and casein hydrolysate-enriched TOM medium [14] . The supernatant fluid (bearing peptidase activity against Abbreviations used: Abz, O-aminobenzoyl; Ac, acetyl; ACN, acetonitrile; Bz, benzyl; DSP, depleted supernatant proteinase; EDDnp, ethylenediaminedinitrophenyl; p-HMB, sodium 7-hydroxymercuribenzoate; NEM, N-ethylmaleimide; pNa, p-nitroanilide; Suc, succinyl; TFA, trifluoroacetic acid; Tos-Lys-CH2C0, 7-amino-i-chloro-3-L-tosylamidoheptan-2-one (TLCK); Tos-Phe-CH2CI, 1-chloro-4-phenyl-3-L-tosylamidobutan-2-one ('TPCK'); Z, benzyloxycarbonyl; E-64, trans-epoxysuccinyl-L-leucylamido-(4-guanido)butene.
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Abz-MKRLTL-EDDnp) was paper-filtered, dialysed against PBS and depleted of gp43 by affinity chromatography in Affi-Gel 10 with anti-gp43 murine monoclonal antibody 17c [15] . Removal ofthis major exocellular component increased the specific activity of the proteinase. This preparation was referred to as DSP (depleted supernatant proteinase) and was used to determine substrate specificity, Km and inhibitor activity.
Chromatographic characterization of the proteolytic activity Culture supernatants were precipitated with ammonium sulphate at 40 % final concentration (with stirring for 2 h) and centrifuged (16300 g, 30 min). The supernatant was reprecipitated with 50 % ammonium sulphate and stirred overnight. The precipitate obtained by centrifugation (16300 g, 30 min) was solubilized in 1 mM phosphate buffer containing 0.015 M NaCl and 10% ethylene glycol (50 ml), concentrated 10-fold under N2 in the Amicon cell with a PM10 Diaflo membrane, and the procedure repeated once in order to dialyse the ammonium sulphate. Desalted solutions were depleted of gp43 by affinity binding as described above and the unbound fraction was concentrated to 2-3 ml in Amicon. This enzyme preparation was fractionated by ion-exchange chromatography in a Resource Q column (FPLC system; 1 ml) equilibrated with 1 mM phosphate buffer containing 0.015 M NaCl and 10 % ethylene glycol, and eluted with a NaCl gradient (0.015-0.5 M) in starting buffer. The protein elution profile was monitored by UV absorbance (280 nm) and the fractions (1 ml) were assayed for peptidase activity against Abz-MKRLTL-EDDnp. Those fractions corresponding to the peak of proteinase activity were pooled, concentrated in Amicon and mixed with 2 mM p-HMB to reversibly inhibit proteinase activity and prevent self-degradation. The sample was then chromatographed in a calibrated Superose 12 column (FPLC system; 1.0 cm x 30 cm), equilibrated and eluted with PBS containing 10% ethylene glycol and 2 mM p-HMB. The protein elution profile was monitored by UV absorbance (280 nm). Fractions (0.5 ml) were assayed for peptidase activity in the presence of 2 mM cysteine and 1 mM EDTA, as described elsewhere [16] . The molecular mass of eluted components was determined in comparison with those of a mixture of standards: aldolase (158 kDa), BSA (67 kDa), egg ovalbumin (43 kDa), chymotrypsinogen A (25 kDa) and ribonuclease A (13.7 kDa). Processing of the enzyme preparations was always carried out at 4°C, except for FPLC chromatography which was carried out at room temperature.
Proteolytic activities
Casein was tested as substrate with DSP at 37°C for 30 min, both at pH 5.0 (in 0.1 M sodium acetate) and at pH 8.0 (in 0.1 M Tris/HCl) by the method of Kunitz [17] . Hide Power Azure was assayed under the same conditions for 40 min, as described [18] . Insulin f-chain was assayed as described for casein for 14 h, and samples were analysed by HPLC using a Vydac C18 was converted into #,smol based on a calibration curve obtained for each substrate from the corresponding synthetic fluorescent fragment released by hydrolysis. The proteolytic activity was expressed as the rate ofrelease offluorescent fragment (umol/min per mg of protein). Chromogenic peptidyl-pNa substrates were assayed as previously described [11] . Stock solutions of the peptidyl-pNa were prepared as DMSO (50 %, v/v) and aliquots were added to solutions containing buffer (0.1 M sodium acetate, pH 5.0, or 0.1 M Tris/HCl, pH 8.0) and DSP at 37 'C. The absorbance at 410 nm was followed for at least 10 min.
K, determinations
Kinetic parameters for the hydrolysis of internally quenched positive peptide substrates were obtained at 37 'C, pH 9.0, in 0.1 M Tris/HCl buffer as described [12, 13] . At least six different substrate concentrations below 10 ,uM were used. Higher concentrations were not used, to avoid filter effects. The kinetics data were analysed using the GraFit program [19] . 
Determination of optimum pH
The activity of DSP at various pH values was measured at 37 'C by the fluorimetric assay described above, using 10 
Analytical methods
Protein was assayed by Bradford's method [20] , using BSA as standard.
RESULTS
Dialysed 7-day-old culture supernatants of P. brasiliensis grown in TOM medium [14] had a specific activity of 6.2 x 10-3 gmol/ min per mg using Abz-MKRLTL-EDDnp as substrate. Purified gp43 preparations and culture supernatants depleted of gp43 gave specific activities of 1.3 x 10-5 jmol/min per mg and 8.2 x 10-3 jmol/min per mg respectively, indicating that most of the exocellular peptidase activity for the internally quenched substrate remained in the gp43-depleted culture supernatant (DSP). Abz-MKRLTL-EDDnp was specifically hydrolysed only at the Leu-Thr bond by DSP (Figure 1) .
The first step in the fractionation of the proteolytic activity against Abz-MKRLTL-EDDnp involved ammonium sulphate precipitation of whole culture supernatant fluids (2 litres). At 40-50 % ammonium sulphate saturation, the peptidase activity was enriched in the precipitated material. This was subsequently depleted of the remaining gp43 in an anti-gp43 immunoaffinity column as described. The proteolytic activity concentrated in the gp43-free 40-50% ammonium sulphate precipitate was eluted from the Resource Q anion-exchange resin at 0.08-0.1 M NaCl (Figure 2a ). Gel filtration of the concentrated active fractions resulted in elution as a single peak near ovalbumin in a calibrated Superose 12 column (Figure 2b ). These results and the presence of a single scissile bond in the Abz-MKRLTL-EDDnp substrate are in accordance with a single exocellular proteinase activity in P. brasiliensis culture supernatants.
It is noticeable in both chromatographic profiles that, although the proteolytic activity was very high, the corresponding protein content was negligible, indicating a proteinase of very high specific activity. SDS/PAGE analyses of the more highly purified fractions have so far been inconclusive in determining the correct size of the enzyme.
Preliminary results have also shown that the proteo- lytic activity against Abz-MKRLTL-EDDnp was detected in aggregates with other components ofthe culture supernatant fluid following concentration. The addition of 10 % ethylene glycol to the enzyme samples throughout fractionation has apparently prevented aggregation. In addition, partially purified preparations eluted from the anion-exchange column were inhibited with mercuriates to prevent self-degradation. [20] [21] [22] were not substrates for the P. brasiliensis DSP. Figure 3 shows the effect of pH on the rate of hydrolysis of Abz-MKALTL-EDDnp by DSP. This substrate was used in this experiment in order to obtain measurable fluorescence values at the acidic pHs where the activity is usually low. There is a small peak of activity at pH 5.0-5.5, but the maximum values are obtained at pH values above 8.0. Considering that the activity was still increasing at pH 9.5 and that the fluorescence readings at higher pHs are not reliable, owing to fluorogenic peptide degradation, we could not determine the optimum pH of P. brasiliensis exocellular proteinase activity. Determination of the Km and K1 values, as well as testing of inhibitors, was carried out at pH 9.0.
The kinetic parameters of hydrolysis were determined for the susceptible peptides with one cleavage size ( Table 1, peptides   8   10 9-16). Hydrolysis was continuously monitored in a spectrofluorimeter and the data fitted to Michaelian kinetics. Table 2 shows the values ofthe kinetic constants. Taking Abz-MKRLTLEDDnp for comparison (peptide 9, Table 2), the presence of Arg-Arg at positions P2 and P3 in peptide 10 kept the Km value mined at various pH values unchanged and barely increased the VmJK,,. On the other hand, the ds section.
presence of a Lys-Lys basic pair in the same positions (peptide 11) reduced the Km value by one order of magnitude value, but the Vm,, also decreased. Elongation of peptide 9 with an additional arginine at the N-terminus (peptide 13) did not affect enzymes. None of the peptide's susceptibility to hydrolysis. Alanine at P2 instead of ay DSP.
arginine (peptides 12 and 15) resulted in higher Vm,' /Km values, ydrolysis consisted and the resulting peptides were, therefore, the best substrates synthesized in our tested in this work. Peptide 14, in which alanine replaced lysine ptides [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Nine at P3., showed kinetic parameters very similar to those obtained scissile bond(s) of with peptide 9. Replacement by alanine of both basic amino )ed in the Materials acids at positions P2 and P3 was only possible with the addition DDnp (Figure 1) . of arginine at the N-terminal position, to provide solubility. 5) were hydrolysed Abz-FRLVR-EDDnp (peptide 16) was also cleaved at the Leu AKRLTL-EDDnp carboxyl bond, but with lower catalytic efficiency. 
DISCUSSION
The present work describes an exocellular serine-thiol proteinase activity in the culture supernatants of P. brasiliensis yeast phase.
The activity eluted in a single peak after anion-exchange and gelfiltration chromatography, using as starting material solubilized gp43-depleted 40-50 % ammonium sulphate precipitates of fungal culture filtrates. The use of 10 % ethylene glycol together with reversible inhibitors was necessary to prevent both aggregation of the proteinase with other exocellular components and self-degradation of the enzyme during the fractionation process. Purification to homogeneity of this proteinase of high specific activity has not been possible so far due to the low protein content of the preparations. Previous data have shown that partially purified gp43 preparations were able to hydrolyse casein at pH 5.5-6.0 [10] , and also to cleave the internally quenched fluorescent peptide Abz-MKRLTL-EDDnp [15] . The specific activities measured in the gp43 preparations were, however, low in comparison with that in another arginine at P5 did not change the enzyme-substrate affinity of peptide Abz-RMKRLTL-EDDnp. Moreover, the endoproteolytic activity requires amino acid residues at the P' site of the cleavage bond, since Bz-KAL-pNa and Z-AAL-pNa were not hydrolysed, despite containing the same P3 and P1 residues as the best internally quenched fluorescent substrates (Abz-MKALTL-EDDnp and Abz-RMAALTL-EDDnp).
The exocellular peptidase activity of P. brasiliensis was irreversibly inhibited by PMSF, mercuric acetate and p-HMB. Inhibition by the mercuriate compounds could, however, be reversed by Cys/EDTA. E-64 was a weak and reversible inhibitor, whereas EDTA and pepstatin were not inhibitory. Inhibition by PMSF and the basic optimum pH of > 9.0 are suggestive of an exocellular hydrolytic activity similar to serine proteinases. An SH-dependence, however, was demonstrated by the inhibition with mercuriates that was partially reversed by Cys/EDTA. These results suggest that P. brasiliensis exocellular enzyme could belong to the subfamily of SH-containing serine proteinases, such as humicolin of Thermomyces lanuginosus [23] , the extracellular serine proteinase from Thermoactinomyces vulgaris [22, 24] and proteinase K [25, 26] , which are also related to the subtilisins. All proteinases of this class, already described in the literature [22] [23] [24] [27] [28] [29] , depend for their activities on free thiol groups. Most of them contain only one cysteine residue, except for humicolin which contains five residues, and proteinase K, which has two disulphide bridges and one free cysteine positioned very close to the active site [26] .
The pH-dependence of the enzymic activity shows a small but significant proteolysis around pH 5.0, whereas the major activity was obtained at basic pH. This could be related to a modified form of the same proteinase or to the property of an aggregate which could be active at acidic pH. All the substrates and inhibitors of the present work were assayed at pH 5.0 and 9.0 with similar results, and the cleavage sites were identical in both cases.
In conclusion, we have characterized in P. brasiliensis an exocellular thiol-containing serine proteinase of high specific activity that may play a role in the pathogenicity of this fungus. Further purification and detailed evaluation of the cleavage specificity of this enzyme with natural substrates are in progress.
